© 2 0 1 9 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W ABSTRACT Context: Well-differentiated tumor of uncertain malignant potential (WDT-UMP) were encapsulated follicular pattern tumors with diffuse equivocal or focal unequivocal papillary thyroid carcinoma (PTC) type nuclear changes without definite invasion. These tumors are suggested to be borderline in its nature. Immunohistochemistry by CD56, P63, and CK19 are common markers used in differentiation between benign and malignant thyroid tumor. Computerized nuclear morphometry is an inexpensive objective and reproducible tool to evaluate histological features of thyroid tumors. Aims: To categorize WDT-UMP using combined nuclear morphometry and immunohistochemistry of CD56, P63, and CK19. Subjects and Methods: We used CD56, P63, and CK19 immunostaining and mean nuclear area and perimeter morphometry on 20 cases of WDT-UMP, 25 cases malignant thyroid tumors, and 25 cases benign thyroid lesions. Statistical Analysis Used: Student's t-test (Unpaired), analysis of variance (ANOVA) test, and Chi-square tests by SPSS V. 20. Results: Significant differences were obtained between WDT-UMP and benign group according to the three markers, but no significant difference between WDT-UMP and malignant group. The mean nuclear area and mean nuclear perimeter were significantly higher in WDT-UMP group in comparison with the benign group while there were no significant differences with the malignant group. Conclusion: WDT-UMP are intermediate lesions differing from benign lesions of the thyroid and sharing some criteria with PTC to a certain extent.
INTRODUCTION
The diagnostic criteria in the well-differentiated tumor of uncertain malignant potential (WDT-UMP) were for encapsulated follicular pattern tumors with diffuse equivocal or focal unequivocal papillary thyroid carcinoma type nuclear changes (PTC-Ns) without definite invasion. This group of tumors is suggested to be borderline in its nature. [1] Studies stated that regardless of whether or not the tumor has an invasive capsule or a papillary growth pattern, PTC-type nuclear features are the most accepted morphological features in the diagnosis of PTC, which include nuclear enlargement, nuclear overlapping, nuclear clearing, nuclear grooving, and cytoplasmic pseudoinclusions. [2] In follicular-patterned tumor, when PTC nuclear features were ambiguous, such as only nuclear clearing and nuclear grooving without nuclear pseudoinclusions, thyroid lesions will be classified as WDT-UMP. When PTC nuclear features were seen in the entire part of the tumor the diagnosis will be encapsulated follicular variant papillary thyroid carcinoma (FVPTC). When unequivocal PTC nuclear features were found in only part of the tumor, it will be classified as WDT-UMP. [3] CD56 is a neural cell adhesion molecule and its migration affects the migratory behavior of tumor cells. CD56 can be found in the follicular epithelial cells of the normal thyroid. Some studies have stated that CD56 is not expressed in PTC, while expression is present in most follicular tumors. [4] P63 is a member of the tumor suppressor gene family and is essential for normal development. P63 acts as a key role in the proliferation and differentiation of epithelial cells and causes defects in epithelial differentiation. Some studies have stated that P63 is expressed in the basal layer of squamous epithelium, in breast and prostate myoepithelial cells, and in the transitional epithelium of the bladder. Some studies stated that P63 is expressed in PTC with no staining in other thyroid tumors. [5] Cytokeratin 19 is a type I intermediate filament protein and is present in simple epithelial cells. Studies stated that PTC expresses strong and diffuse cytoplasmic reactivity to CK19. However, CK19 is focally stained reactive thyroid follicular epithelium; while in follicular adenomas or carcinomas, most authors have not identified diffuse CK19 positivity. [6, 7] Computerized nuclear morphometry is an inexpensive objective and reproducible tool to evaluate histological features. It has been stated that nuclear morphometric parameters, such as nuclear perimeters and nuclear areas, help to differentiate between thyroid lesions. Some studies have revealed significant differences between benign and malignant lesions using thyroid aspiration cytology in nuclear areas and perimeters. [8] So, under the insight of these researches, we are trying in our study to categorize WDT-UMP using combined nuclear morphometry and immunohistochemistry of CD56, P63, and CK19 to predict its clinical behavior.
SUBJECTS AND METHODS

Histopathology
Paraffin blocks from 70 cases were selected from the archived files of the pathology department during the period from October 2013 to October 2016. Hematoxylin-and eosin-stained sections were reviewed and classified into three groups. Twenty cases were of WDT-UMP (Group 1), 18 cases were of PTC, and 7 cases were of FVPTC (Group II: malignant cases control group), 10 cases were of follicular adenoma, 10 cases were of Hashimoto's thyroiditis, and 5 cases were of hyperplastic thyroid nodules (Group III: benign cases control group).
Immunohistochemistry
Representative tissue sections were deparaffinized in xylene, rehydrated in descending alcohol grades, and then incubated with the primary antibodies of CK19, CD56, and P63 in dilutions mentioned in Table 1 . This is done after the antigen retrieval by microwave incubation in 6.1 pH citrate buffer for 20 min and blocking endogenous peroxidase by H 2 O 2 . Visualization was obtained by streptavidin-biotin ABC detection kit (Catalog # TA-015-HP, Lab-Vision Corporation Fremont, USA). Color development was done using 3,3ʹ-diaminobenzidine and Mayer hematoxylin as a counterstained. Slides were mounted with DPX and cover slipped. The positive control was PTC while negative control was done by omitting the step of the primary antibody.
Evaluation of immunohistochemistry
By using ×40 objective lenses, >10% positive follicular cells showed membranous and cytoplasmic staining was considered positive for CD56 and CK19, as well as >10% of the nuclear staining of the follicular cells were considered positive for P63. [4, 9] Morphometric analysis All slides were submitted to digital image analysis using the Image Leica Q win lab software (USA), and nuclear areas and perimeters were measured. Well-preserved, non-overlapped cells were selected. From the selected areas, an average of 5-10 microscopic fields, at magnification ×400 were captured for each case. At least 100 nuclei were analyzed per slide. The intact whole nuclei from the actual lesion were measured, avoiding stromal cells nuclei. Overlapped and fragmented nuclei were discarded. The mean values were separately compared between the three groups.
Statistical analysis
Statistical presentation and analysis of the present study were conducted, using the mean, standard deviation, Student's t-test (unpaired), analysis of variance (ANOVA) test, and Chi-square tests by SPSS V. 20. Significant level was reported as non-significant if the P value was >0.05, and significant if the P value was <0.05. Table 2 ] Group I results [ Figure 1 ] The twenty cases included in this group of WDT-UMP showed intact capsule, overlapping, 12 cases showed focal nuclear features of PTC such as nuclear grooving, nuclear ground glass, infrequent pseudoinclusions, and nuclear crowding with the absence of papillae, or abortive papillae. Eight cases showed diffuse but incomplete nuclear changes such as diffuse nuclear clearing, nuclear grooving with the absence of nuclear pseudoinclusion, nuclear overlapping, and papillae formation.
RESULTS
Histopathological and Immunohistochemical results [
CD56 immunostaining showed positive cytoplasmic and membranous staining in 2/20 cases (10%), P63 immunostaining showed positive nuclear staining in 14/20 cases (70%), as well as CK19 expression showed positive membranous and cytoplasmic staining in 10/20 cases (50%).
Group II results [Figures 2 and 3]
Twenty-five cases were included in this group with 18 cases were diagnosed as PTC, showed papillae, abortive papillae with 
Group III results [Figures 4-6]
Twenty-five cases were included in this group with 10 cases were diagnosed as follicular adenoma, 10 cases were diagnosed as Hashimoto's thyroiditis, and 5 cases were diagnosed as a hyperplastic nodule. CD56 immunostaining showed positive expression in 24/25 cases (96%) [10/10 (100%) cases of follicular adenoma, 9/10 (90%) cases of Hashimoto's thyroiditis, and 5/5 (100%) cases of hyperplastic nodule]. P63 immunostaining Univariate analysis revealed that statistically significant differences were obtained between the WDT-UMP group and the benign group according to the CD56, P63, and CK19 as P values were <0.001, <0.001, and <0.014, respectively, however, no significant difference was observed between the WDT-UMP group and the malignant group as P values were 0.832, 0.438, and 0.070, respectively. Table 3 ] Mean nuclear areas and mean nuclear perimeter in WDT-UMP cases were 48.17 ± 12.15 and 28.45 ± 5.61, respectively.
Morphometric results [
In PTC cases they were 51.67 ± 14.5 and 28.56 ± 4.72, respectively, and in FVPTC they were 50.89 ± 10.67 and 29.61 ± 3.98, respectively. There were no significant differences according to mean nuclear area and mean nuclear perimeter between PC and FVPC cases, as P values were 0.898 and 0.670, respectively.
While in follicular adenoma mean nuclear area and mean nuclear perimeter were 36.54 ± 9.13 and 19.25 ± 2.62, respectively, in Hashimoto's thyroiditis they were 29.78 ± 6.17 and 20.12 ± 2.01, respectively, and in hyperplastic nodule they were 21.56 ± 4.29 and 17.60 ± 2.05, respectively. There was no significant difference according to mean nuclear perimeter between Hashimoto's thyroiditis, follicular adenoma, and hyperplastic nodule cases, as P value was 0.059. There was significant difference according to mean nuclear area between follicular adenoma cases at one hand Hashimoto's thyroiditis and hyperplastic nodule cases on the other hand as P value was 0.004.
The mean nuclear area and mean nuclear perimeter were significantly higher in WDT-UMP group in comparison with the benign group as P values were <0.001 for each of them, while there were no significant differences with the malignant group as P values were 0.407 and 0.788, respectively.
DISCUSSION
The follicular-patterned lesions which cannot be diagnosed with certainty as benign or malignant were termed as WDT-UMP. This is because of equivocal nuclear features as well as questionable capsular or vascular invasion. [1] The suspected benefit from this proposed diagnosis is avoidance of aggressive treatment. CD56 is a differentiation antigen for thyroid follicular cells. [10] It is already expressed in normal and benign thyroid tissue but nearly absent in PTC. [11] In this study, it was found that CD56 was expressed in 96% in the benign group, 12% in the malignant group, and 10% in the WDT-UMP group. This was in accordance with Scarpino et al., who stated that CD56 showed low or absent expression in PTC by either immunohistochemistry or by polymerase chain reaction. [12] This was also comparable to Demellawy et al. who reporting distinctive benefits of CD56 in the differentiation between PTC with its follicular variant and other follicular lesions/neoplasms including Hashimoto's thyroiditis and follicular adenoma. [4] In this study, there was a significant difference between the WDT-UMP group and benign group in CD56 expression, on the contrary, the malignant group showed no significant difference. The questionable morphological features CK19 proved to be a valuable confirmatory marker differentiating between benign and malignant thyroid lesions in both intensity and distribution. [13, 14] In this study, it was found that CK19 was expressed in 16% in the benign group, 76% in the malignant group, and 50% in the WDT-UMP group. Others showed intense diffuse CK19 positivity in 80-100% of PTC cases, [15, 16] while in the study of Bukhari and colleagues including a larger number of cases (60 cases of a FVPTC) 95% of cells showed CK19 positivity. [17] The negative expression of CK19 was considered an exclusive diagnosis for PTC. [18] Bukhari and colleagues and Barut et al. demonstrated a strong and diffuse immunoreactivity for CK19 in WDT-UMP and they reported a considerable positivity for CK19 in their 35 cases ranging between 5-95%. [17, 19] On the contrary, the study of Scognamiglio and Hoffmann et al. WDT-UMP showed 63-64% positivity rate for CK19. [20, 21] The study of Yassin, CK19 was absolutely 100% positive in WDT-UMP cases. [22] Scognamiglio et al. confirmed an intermediate expression for CK19 for WDT-UMP between PTC and showing 5/11 positive cases. [20] P63 a member of the P53 gene family is uniformly expressed in basal cells, myoepithelial cells, and squamous cells. It is located on a 3q207-29 chromosome and it is expressed in six isoforms. Three of the six isoforms encode protein transactivating P53 inducing cell apoptosis; the other three isoforms encode inhibitory proteins on P53 activity. It is expressed in basal, squamous, and myoepithelial cells. [4, 23, 24] In this study, it was found that P63 was expressed in 8% in the benign group, 80% in the malignant group, and 70% in the WDT-UMP group. Unger et al. and Demellawy et al. described that P63 was detected in 81.8% of PTC. Accordingly, they postulated that P63 can help in the differentiation of PTC from other thyroid tumors. [4, 25] However, Kim et al. reported that P63 was detected in 12.5% of PTC, 11.1% of poorly differentiated carcinomas, and 71.4% of anaplastic carcinomas, while normal thyroid follicles, hyperplastic thyroid follicles, follicular carcinomas, and medullary carcinomas showed negative expressions for P63. Therefore, Kim et al. concluded that P63 showed a late expression in the course of thyroid tumor progression. [26] One postulated explanation could be the higher positive cut-off value for P63 in our study (at least 10% of tumor cells staining positively) as compared with Demellawy's et al. study, in which any nuclear P63 staining was considered a positive result. [4] However, this method of assessment is difficult in daily practice applications, as positivity in only one nucleus can sometimes be very challenging and difficult to evaluate.
The subjective evaluation of cytological atypia is not a reliable criterion for the diagnosis of malignancy in thyroid lesions since these changes may be encountered in benign lesions such as adenomatous hyperplasia and follicular adenoma. Therefore it is important to differentiate between benign and malignant neoplasms and the non-neoplastic group. [27] To raise the level of precise accuracy of the relatively subjective histopathological diagnosis, objective methods of assessment of nuclear morphology may be beneficial. [28] [29] [30] Aiad et al. stated that it is a matter of importance to use nuclear morphometry in the diagnosis of follicular-patterned lesions. Higher nuclear morphometric values were recorded in a neoplastic group than non-neoplastic lesions with a mean nuclear surface area ≥39.9 µm 2 , and the nuclear perimeter ≥27.7 µm outweighs the diagnosis of PTC rather than follicular adenoma. [31] In this study, it was found that the mean nuclear surface area and the mean nuclear perimeter in the WDT-UMP group and the malignant group cases were >39.9 µm 2 and 27.7 µm 2 , respectively, while in the benign group cases they were less than these cut-off values with significant differences between them. This shares comparable results with Liu and his colleagues reporting that the nuclear size of WDT-UMP was 2-4 times that of normal thyroid follicular cells.
So in this study, we found that WDT-UMP shares close features by immunohistochemistry and nuclear morphometry to malignant group than benign group that was in accordance with Coli et al. who reported that tumors showing incomplete nuclear features are suggestive but not diagnostic of PTC and may have started phenotypic changes towards a PTC. [32] WDT-UMP constitute a true "grey zone" of lesions representing a borderline category necessitating specific curative treatment and postoperative follow-up. Kakudo et al. concluded that WDT-UMP might be biologically borderline lesions representing an early carcinogenesis phase and can be true precursor lesions of PTC. [33] 
CONCLUSION
We concluded that WDT-UMP are intermediate lesions differing from adenoma and benign lesions of the thyroid sharing some criteria with PTC to a certain extent.
Financial support and sponsorship
Nil.
